SUMMARY Difficulties in establishing the value of certain treatments for head injury are reviewed.
"As soon as a new, but still unproved, method of treatment is adopted by even a minortiy of the medical profession, it becomes virtually impossible to conduct the controlled trial that alone can furnish truly reliable evaluation of its effectiveness and its hazards." ' This comment by a British neurologist applies with particular force to therapy for severe head injuries. Whilst the risk that new drugs will do more harm than good have diminished because of recent statutory restrictions on widespread adoption before adequate trials, there are no limits to the application of therapeutic methods which involve surgical procedures, mechanical ventilation and various regimens of drugs already in common use.
The last 20 years have seen the adoption of a number of therapeutic techniques designed to control events which threaten life after severe head injury. In 1958 a dramatic reduction in mortality was attributed to the introduction of what would now be called respiratory intensive care (tracheostomy and suction).2 A decade later controlled ventilation was reported to have further improved outcome. 3 Corticosteroids have been widely used for many years, in spite of a lack of specific evidence for their value; there are recent reports that a very large dose improves outcome.4 Claims for the value of large bony decompressions have been made,5 6 and retracted.7 Several years ago there was a vogue for using hypothermia to reduce cerebral metabolism, but this is now seldom used. There have been recent reports,8 9 that the use of large doses of barbiturates may be beneficial for these patients.
In spite of all these efforts Langfitt10 recently concluded that there had been little change in mortality from severe head injury over the last 50 years; but he drew attention to the recent reports of Becker etall'and of Bruce et al,12 which he considered did indicate an improvement in outcome; to these has been added the series of Marshall et al.8 13 However, there has been considerable discussion about the validity of the claims for these methods, which are very demanding of personnel, time and facilities.
There are several reasons why it is difficult to establish the efficacy of treatment for severe head injury; these can be conveniently grouped as practical, ethical and statistical problems. Among practical problems are that treatment regimens usually include several components (for example surgery, controlled ventilation, osmotics, steroids and other drugs); and that decisions about the initiation of therapy have to be made rapidly. Because Angeles. Data collection and analysis are still proceeding, but already it has proved possible to predict outcome in many individual patients on the basis of clinical data available during the first week after injury. 16 Although methods of assessment were strictly standardised in this data bank there was no attempt to impose uniform treatment regimens on the collecting centres, but the methods used were always recorded. In the event there were marked differences between the three countries in the relative frequency with which various therapeutic measures were used. This makes it possible to make some observations about the effects of certain forms of treatment on outcome.
Patients studied
These were collected prospectively from Glasgow (since 1968), from Rotterdam and Groningen (since 1972) and from Los Angeles (since 1974) using standardised methods of assessment and recording. Details of the collecting centres, of the indicators of severity used, and of the features of the first 1000 patients, have been published. 15 The present analsyis of treatment methods is based on 1250 patients, collected between 1968 and 1977 inclusive; 118 patients treated during 1968 and 1969 in Glasgow, which were included in previous published papers, were treated before the Glasgow neurosurgical unit moved into the city from its country location at Killearn, are excluded from the analysis in this paper. Patient selection was by one criterion only-the persistence of coma for more than 6 hours. Coma was defined as not opening the eyes at all, not obeying commands and not uttering any words.
Indicators of severity
From analysis of the relationship between clinical features in the first week and the outcome 6 months after injury we were able to identify indicators of severity.17 Features which were associated with a worse outcome indicated a more severe injury, and these included depth of coma, nonreacting pupils, impairment of spontaneous and reflex eye movements, and abnormal patterns of movement in the limbs. One of the most useful single indicators of severity is the state of responsiveness on the Glasgow Coma Scale"8 19; this can be summarised by the coma score or sum, made up by adding the scores on each of the three components to give a figure which ranges from 3 (deepest coma) to 15. As described elsewhere20 this provides a less accurate indicator of severity than does the exact composition of the score-but nonetheless it is a useful means of comparing approximate severity, and is now widely 
Patients in three countries
Although these patients were all of similar minimum severity (coma at least 6 hours), there were differences among the three countries in the proportion of patients with various features ( (table 3) . During the period of data collection there were changes in the frequency with which some methods were used in Glasgow (for which the period of study is longest). Steroids are now less frequently used, as is tracheostomy; but more patients are intubated in the first 3 days and there is a small increase in the use of controlled ventilation (table 4) ; there were no significant difference in outcome associated with these changes in treatment.
Treatment and outcome
When patients who did or did not receive various kinds of treatment were compared as a whole there was no evidence of a better outcome in the treated group; where there was a difference the treated patients had a higher mortality. It seemed that this might reflect the tendency noticeable in all three countries, for each of these therapies to be used more often for patients whowere more severely affected. Therefore it was considered important to make allowanceforthe severity of brain damagewhen comparing the outcome of patients who did, with those who did not, receive each of these various treatments.
Patients were therefore divided into three grades of severity on the basis of the best state on the Coma Scale in the first 24 hours, and comparisons then made between those who did or did not receive each treatment modality within these severity grades. In the most severely affected patients there was little difference between treated and untreated patients, both having a high mortality (table 6). In the other A further analysis was therefore undertaken which allowed not only for coma sum but also for pupil reaction, the presence of intracranial haematoma, the patient's age and the country in which he was treated. The statistical technique used was based on that described by Peto and Pike,22 and previously used by one of us.22 First the data were divided into n strata, a stratum being one combination of levels of each relevant variable. Within each stratum the treatment was divided into different groups, ie airway management was divided into 3 groups. Group 1 had endotracheal intubation; group 2 had tracheostomy and group 3 had neither. If Oj and Sj represent respectively the number of survivors observed and the total munber studied in group j, the expected number of survivors, Ej, can be computed assuming mortality independent of treatment group. From this the deviation Dj-Oj-Ej was calculated and summed over all strata. These total deviations (which sum identically to zero) were then tested for significant departure from the null hypothesis by taking the quadratic form X2 = dA-1d to be asympotically distributed as chi-squared on m-1 degrees of freedom, where d is the vector formed by the first m-l total deviations (m = total number of groups for the treatment), and A is their covariance matrix, the formula for which is given by Peto and Pike.22 When this analysis was done there was usually no difference in outcome between treated and untreated patients; when there was a difference, again the outcome was less good in the treated groups.
Discussion
The patients reported here were all managed in well equipped and well staffed specialised centres, and the fact that many of these severely affected patients 293 survived and became independent reflects the benefit of this treatment. Given this good general management, however, it seems from this study that certain components of therapy, which are commonly used in intensive care units, do not markedly affect the outcome in patients who are brain damaged enough to be in coma for 6 hours or more. It is interesting that we should have reached this conclusion about steroids, using our method of comparison, when two recent controlled trials have also shown that steroids do not have an effect-even in high doses. 24 25 This suggests that our conclusions about other measures may also be valid. The study did not (directly) investigate the importance of the interval after injury (within the first day after injury) at which treatment was started. We have elsewhere emphasised the importance of measures designed to prevent secondary brain damage which may lead to coma of the duration which qualified patients for inclusion in the present study. 26 27 Whenever outcome proves to be similar in groups of patients who have received different treatment, three interpretations are possible:
1 the treatments are not effective in influencing outcome; 2 treatment is effective only if instituted soon enough, or 3 only for some types of patient (of a certain age group, or with particular kinds or grades of severity of injury). In that event the beneficial effect may be obscured by failure to take sufficient account of the interval before treatment, or ofcertain features of the patients. For example, this study confirms that there is a group of patients so severely affected that the outcome is uniformly bad, regardless of treatment; there is also evidence that the most severely affected patients tend to be the most intensively treated. However, we have carried out analyses which allow for various seveiity factors, for age, and for whether or not neurosurgical care began within 6 hours; we were still unable to demonstrate a beneficial effect for the measures under consideration.
When the outcome is better in one group of patients than another, several explanation3 are possible: 1 the treatment of one group has been more effective. Most regimens used after severe head injury comprise several modalities and it may be difficult to discern which component is in fact contributing to an improved result. 2 specialised care (in general) has been started sooner after injury in the patients with a better outcome, and it is this rather than particular components of treatment which accounts for the better outcome. In a quarter of patients in the data bank it becomes clear at an early stage that they will do well with conventional intensive management; another quarter are obviously destined to die because of brain B Jennet, G Teasdale, J Fry et al damage so severe that survival is inconceivable, no matter what management is applied. Prediction of outcome soon after injury would make it possible to recognise these patients, and attention could then be focussed on those whose outcome was in doubt, and therefore liable to be influenced. In this way the efficacy of a particular therapeutic technique would likely be detected much more rapidly because its benefit would not be submerged or obscured by its use in many patients whose outcome was already determined.
Treatment of severe head injury is not the only form of intensive therapy about which there is current controversy about efficacy. Colleagues studying patients in coma due to nontraumatic lesions found no better outcome in those who had been more intensively investigated and treated.29 Recent comments on the paucity ofevidence for the effectiveness of special coronary units in reducing mortality from myocardial infarction might be considered to apply also to claims about certain regimens for severely head injured patients. One editorial3l concludes "We should no longer accept sweeping claims for a substantial reduction of mortality, since hardwon experience tells us that a true reduction of this magnitude is very unlikely to be produced so readily. The apparent mortality rate of patients admitted to a coronary care unit can be altered drastically by minor variations in the age structure, infarct-timing, and general health of the patients. Claims for a major alteration in mortality cannot therefore be accepted without an assurance that like is being compared with like."
As new methods are devised and introduced, the supposed benefits of each need to be subject to rigorous scrutiny and analysis, according to agreed methods of assessment. We should obey Pasteur's injunction to "keep your enthusiasm but let strict verification be its constant companion."
